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can be spoken of only under the conditions of l i t t l e  interaction. 

Essentially, division of the f i e l d  into ordinary and extraordinary waves 

Consequently, 

these waves can, possibly, be described in geometrio-optics terminology and the 

interaction i t s e l f  determines completely the different characters of the f i e l d  in 

the regions of l i t t l e  interaction divided by regions of considerable in t e rac t im .  

The strongest interaction of extraordinary and ordinary waves is observed, 

when an electromagnetic wave is normally incident on a plane-laminar ionized medium 

i n  an external magnetic f ie ld ,  for  quasi-longitudinal propagation when the angle 
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AB is  known, the electromagnetic f i e l d  of a wave propagated in an inhomogen- 

eous magnetipactive medium (ionosphere) cannot, in general, be represented as the 

superposition of independent extraordinary and ordinary waves. 

the medium inhomogeneity leads t o  waves of another type being formed when one type 

Taking into account 

of wave is propagated in the medium. S t r i c t l y  speaking, t h i s  interaction ex is t s  

throughout the whole inhomogeneous medium, however, under ionospheric conditions 

noticeable interaction appears only i n  limited regions beyond which it is extremely 

between the propagation and the external f i e l d  directions is s d l .  This inter= 

action, determining the so-called multiple signal effect  i n  the ionosphere, can 

be explained as follows. The ordinary wave incident on the inhomogeneous luyer 

reaches a region where the indexes of refraction, ~ ( z )  , of the ordinary and, 

n2( z) , of the extraordinary waves are almost. alike. Strong interaction of the 
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different types of waves occurs 

par t ly  f i l t e r s  through the region of imagninary ~ ( z )  

where the index of refraction of the l a t t e r ,  n,(z) , assumes real values, and 

i s  reflected par t ly  as an ordinary wave. 

the interaction region is  reflected from the overlying region of zero values of 

n2(z) 

as an ordinary wave. 

t h i s  region, consequently, the ordinary wave 

as an extraordinary wave 

The wave of second type passing through 

and, again passing through the interaction region, returns to the  receiver 

The first computation of t h i s  interaction in a medium without absorption w a s  

made by Ginzburg f o r  two extreme cases: 

ent i re ly  through the interaction regian ( i ts  reflection coefficient 

and, secondly, when 151 is almost unity and the coefficient D2 of extraordinary 

wave passage is small (see Ell, ff79). 

through effect was studied in detai l  ty Rydbeck [2]. 

when the ordinary wave passes almost 

5. is small) 

The effect  of absorption on the f i l ter ing-  

Use of the method of solution explained i n  [31, which i s  devoted to  the  

question of anelastic collisions between atoms, enables t h i s  problem t o  be solved 

completely i n  a certain approximation. 

an asymptotic representation of the particular solution describing actual wave 

propagation i n  a medium a t  relatively large distances above and below the inter- 

action region. 

The cited method makes possible seeking 

Here it appears t h a t  the ordinary wave Incident on the layer i n  

the interaction region causes a reflected wave of the same type with the ref lect ion 

coefficient: 

(1) 
- 2tjO 151 = I - e  

2 and i t s  f a t e r i n g  through into the region where 

coefficient : 

n2 > 0 is  characterized by the 

( 2) 

The real quantity in (1) and (2)  is defined by the integral: 
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(3 )  

where the integral is taken over the c;losed contour enclosing both s ingular i t ies  

of the integrand a t  which n2 = n,. and it has been assumed that  the ordinary wave 

is incident i n  the positive z direction. 

L e t  us note that if  the path of integration i n  (3)  is shrunk t o  a l i n e  conn- 

ecting the points where 

ter ing coefficient obtained in Ll] by a completely different  method which i s  

limited i n  applicability t o  the case of sxnall D2 (So>>l). 

n2 P IL,. , then (2) reduces t o  an expression for  the fil- 

Investigation of (2) and (3 )  shows tha t  they are applicable i n  the other 

limiting w e  when ID2] x 1 and 1% 1 is small. For strong f i l t e r i n g  (€io .& 1) , 
(2) and (3) yield: 

% 26 
0 3 

and evaluation of the integral in (3)  under these conditions shows that  these 

approximate values, (b),  of the coefficients coincide completely with the corres- 

ponding formulas obtained i n  [l] by another method i n  which the assumption on the 

smallness of 5 is used t o  begin with. 

Moreover, the extraordinary wave arising because of interaction and which is  
2 propagated toward the poles of n2(z) is  taken successfully into account in our  

solution. The ref lect ion coefficient of t h i s  wave appears t o  equal: 
-6 

( 5)  IR,I = e O * L q q J  

As is  eas5ly confirmed, taking this coefficient in to  account reduces to  complying 

with the relation 

Therefore,. the additional. absorption of the electromagnetic wave remarked in  El] 

is  related t o  the formation of extraordinary waves which are propagated h a r d  
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its sharply increasing index of refraction and i s  absorbed completely by the medium. 

The phenomenon of the total absorption of t h i s  wave becomes more graphic if 

the thermal motion of the electrons is taken i n t o  account. 

is  devoted t o  the kinetic theory of plasma waves in a homogeneous plasma i n  a 

magnetic field, the poles of 

As shown i n  b] , which 

2 n2(z) are here remomd t o  infinity althoUgh the 

sharp increase In the function i tself  is retained. Ibreover, it appears that  

<(z) and n,(a) are negligibly deformed in the interaction region when the 2 

thermal motion of the electrons is taken into account. Therefore, the solution, 

obtained without taking the electron thermal motion into account, can be extended 

directly to  the more izltererrting case ia which the possibility of plasma wave 

fornation is taken into account when there is interact-n. 

wave, traveling toward high values of 

its energy, all things considered, going t o  the heating of the plasma. 

Hence the extraordinary 
2 n2(a) , acts like a slow plasma wave with 

Finally, l e t  us note t h a t  because of the discussed interaction, the reverse 

transformation of plasma waves into electromagnetic is possible, which leads t o  

the possibility of plasma waves escaping from an inhomogeneous magnetio-active 

medium as electromagnetic radiation.- 

In conclusion, I would l ike  t o  thank V. L. Ginzburg for  proposing the topic 
\ 

and assistance i n  the work. 
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